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The basement of the Romanian Carpathians is made of Neoproterozoic to early Paleozoic peri-
Gondwanan terranes variably involved in the Variscan orogeny, similarly to other basement terrains of
Europe. They were hardly dismembered during the Alpine orogeny and traditionally have their own
names in the three Carpathian areas. The Danubian domain of the South Carpathians comprises the
Drags¸an and Lainici-Paius¸ peri-Amazonian terranes. The Drags¸an terrane originated within the ocean
surrounding Rodinia and docked with Rodinia at w800 Ma. It does not contain Cadomian magmatism
and consequently it is classiﬁed as an Avalonian extra-Cadomian terrane. The Lainici-Paius¸ terrane is a
Ganderian fragment strongly modiﬁed by Cadomian subduction-related magmatism. It is attached to the
Moesia platform. The Tisovit¸a terrane is an ophiolite that marks the boundary between Drags¸an and
Lainici-Paius¸ terranes.
The other basement terranes of the Romanian Carpathians originated close to the Ordovician North-
African orogen, as a result of the eastern Rheic Ocean opening and closure. Except for the Sebes¸-Lotru
terrane that includes a lower metamorphic unit of Cadomian age, all the other terranes (Bretila, Tulghes¸,
Negris¸oara and Rebra in the East Carpathians, Somes¸, Biharia and Baia de Aries¸ in the Apuseni mountains,
Fagaras¸, Leaota, Caras¸ and Pades¸ in the South Carpathians) represent late CambrianeOrdovician rock
assemblages. Their provenance, is probably within paleo-northeast Africa, close to the Arabian-Nubian
shield.
The late CambrianeOrdovician terranes are deﬁned here as Carpathian-type terranes. According to
their lithostratigraphy and origin, some are of continental margin magmatic arc setting, whereas others
formed in rift and back-arc environment and closed to passive continental margin settings. In a paleo-
geographic reconstruction, the continental margin magmatic arc terranes were ﬁrst that drifted out,
followed by the passive continental margin terranes with the back-arc terranes in their front. They
accreted to Laurussia during the Variscan orogeny. Some of them (Sebes¸-Lotru in South Carpathians and
Baia de Aries¸ in Apuseni mountains) underwent eclogite-grade metamorphism. The Danubian terranes,
the Bretila terrane and the Somes¸ terrane were intruded by Variscan granitoids.
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Peri-Gondwanan Avalonian-Cadomian terranes (e.g. Unrug,
1997) represent both, oceanic and continental lithospheric frag-
ments located within the Caledonian, Variscan and Alpine base-
ments of eastern and central North America, Europe (Fig. 1),
Anatolia, Caucasus and farther to the east. They originated along
the northwestern margin of Gondwana and migrated toward Bal-
tica, Laurentia and Laurussia as early as the latest Neoproterozoic
through Paleozoic times.eking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. Distribution of the peri-Gondwanan terranes within the European basements westward of Trans European Suture Zone (TESZ). The Tornquist-Teysseire line (i.e. TESZ) is
obscured along East Carpathians by the advance of the Alpine deformational front. Its continuation to the SE, in the North Dobrogea basement coincides with Peceneaga-Camena
transform fault (PCF on Fig. 2). IMeIberian Massif; MCeMassif Central; BMeBohemian Massif. Modiﬁed after Nance et al. (2010) and Kounov et al. (2012). Squares mark the location
of the Carpathian branches and of the Apuseni mountains, presented in detailed maps in Figs. 3 and 6e8.
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(1) Avalonian, which represents juvenile 1.3e1.0 Ga lithosphere
originating within the Panthalassa Ocean surrounding Rodinia and
subsequently accreted to the northwestern, Amazonian Gondwana
margin by w650 Ma; (2) Ganderian, which formed along the
Amazonian margin of Gondwana recycling Avalonian and older
Amazonian basement; (3) cratonic, which represents displaced
Amazonian portions of cratonic Gondwana; and (4) Cadomian,
which formed along the West African margin by recycling ancient
(w2.2e2.0 Ga) lithosphere. Cadomian terranes collectively record
subduction and development of island arcs between w750 and
650 Ma, ﬂowed by continental arcs formed onto the Gondwana
margin including Amazonia, between w620 and
530 Ma (Linnemann et al., 2008b).
U-Pb detrital zircon studies combined with zircon Hf or whole
rocks Nd isotopic signatures provide among the most valuable in-
formation for establishing provenance, in particular in highly
metamorphosed terranes where paleontological, paleomagnetic
and other types of data cannot be used. Avalonian, Ganderian and
Cadomian terranes differ in their basement Nd isotopic signature as
well as the age distribution of detrital zircon. The Avalonian and
Ganderian terranes were supplied by early and late Mesoproter-
ozoic detrital zircon sources that are lacking in the Cadomian ter-
ranes (Nance et al., 2008). The East Cadomian terranes
(northeastern African, eastern Mediterranean or Minoan) show
Grenvillian but not early Mesoproterozoic sources (Zulauf et al.,
2007).
In this paper, we summarize recent zircon U-Pb and whole rock
Nd work on pre-Alpine basement rocks from the RomanianCarpathians (Liégeois et al., 1996; Dragus¸anu and Tanaka, 1999;
Medaris et al., 2003; Balintoni et al., 2009a, 2010a,b, 2011a;
Balintoni and Balica, 2012, 2013), in an attempt to unravel
their origin and evolution. First, we outline the Alpine units of
the Romanian Carpathians, followed by the description of the
Danubian terranes. Farther are discussed the other Carpathian
terranes; the petrologic features that distinguish different conti-
nental margin types; the provenance based on inherited zircons in
metaigneous rocks and detrital zircon populations in metasedi-
mentary rocks; the tectonic, magmatic and metamorphic events
that shape them prior to the Alpine orogeny.
2. Geological overview of the tectonic assembly of the
Romanian Carpathians
The Alpine structure of the Romanian Carpathians, which are
geographically divided in East Carpathians, South Carpathians and
Apuseni mountains, is summarized in Sandulescu (1984),
Balintoni (1997) and Schmid et al. (2008). Fig. 2 is a simpliﬁed
geologic map of the Romanian Carpathians. The main Tethyan
Suture (Sandulescu, 1984, Fig. 2), is the site of continental collision
of an oceanic domain which connects the eastern Vardar Ocean in
the south, with the Alpine Tethys Ocean represented by the Pie-
niny Klippen belt and Magura unit, in the northwest (Schmid
et al., 2008). Two ophiolite nappes, called “Transylvanides”
(Sandulescu, 1984), represent the main Tethyan Suture: one is
thrust to the northwest over the northern Apuseni Mts., and the
other towards the east, as the highest nappe of the East Carpa-
thians. The Cretaceous tectonic units beneath the Transylvanides
Figure 2. The Alpine structure of the Romanian territory. Drawn according to Sandulescu (1984) completed with the terminology suggested by Balintoni (1997) (in parentheses).
PCFePeceneaga-Camena Fault; TFeTrotus¸ Fault.
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line basement and sedimentary cover (Inner Dacides in the
northern Apuseni Mts., Median Dacides in the Crystalline-
Mesozoic Zone of the East Carpathians, Median and Marginal
Dacides in the South Carpathians), or only of sedimentary for-
mations (Outer Dacides in East and South Carpathians). In the
South Carpathians, the Median Dacides form the basement of the
Getic domain and the Marginal Dacides the basement of the
Danubian domain (Sandulescu, 1984). The sedimentary cover of
the Dacides is late Carboniferous to late Cretaceous in age
(Sandulescu, 1984). The Inner Dacides are derived from Tisia plate
(located westward of the main Tethyan Suture), the Median
Dacides from Dacia plate (located between the main Tethyan Su-
ture and the Severin Ocean trace), and the Marginal Dacides from
Euxinic plate (located southward and eastward of the Severin
Ocean trace), respectively (Kovàcs, 1982; Sandulescu, 1984;
Balintoni, 1997; Schmid et al., 2008). The Outer Dacides origi-
nated from the Severin Ocean separating the Dacia and Euxinic
plates.
The Romanian Carpathians basement units, their Alpine loca-
tion, initial tectonic setting, age and provenance, are listed in
Table 1, according to Liégeois et al. (1996); Pana et al. (2002a,b),
Balintoni et al. (2009a, 2010a,b, 2011a), and Balintoni and Balica
(2013). These units have been deﬁned as terranes by Balintoni
et al. (2009a). Some are suspected to have been separated from
each other by oceanic sutures derived from the Tornquist, Rheic
and Paleotethys oceans (e.g. Iancu et al., 2005; Balintoni et al.,
2011a; Balintoni and Balica, 2013). The sutures are suspected by
either the presence of ophiolites (in the case of the boundary
between Drgs¸an and Lainici-Paius¸ terranes), the vicinity of Ava-
lonian and Carpathian-type terranes (Drags¸an terrane versusSebes¸-Lotru terrane), or by the inferred different origin of adjacent
blocks (continental margin magmatic arc, back-arc environment,
passive continental margin), correlated with their Variscan plate
tectonics.
Below, we outline the major basement units that make up the
Romanian Carpathians. The basement units of the Danubian
domain are described separately from all the other ones, since they
appear to have a different tectonic history and evolution.3. Basement units in the Danubian domain
The Danubian domain nappes are the structurally lowest units
in the Alpine conﬁguration of the South Carpathians (Fig. 3). They
comprise three distinct basement units: Drags¸an, Tisovit¸a and
Lainici-Paius¸ terranes.3.1. Drags¸an terrane
The Drags¸an terrane comprises lithostratigraphically up a lower
ortogneiss assemblage (Faget¸el) a middle metabasic-ultrabasic
assemblage (Straja) and an upper mica gneiss unit (Dobrota)
(Berza and Seghedi, 1975a). The ortogneiss yields a Neoproterozoic
U-Pb zircon age, considered to represent the emplacement of the
magmatic protolith: 777  3 Ma (TIMS, Liégeois et al., 1996), or
808.6  1.9 Ma (LA-MC-ICP-MS, Balintoni et al., 2011a) (Fig. 4). This
age is also recorded by inherited zircon (Balintoni and Balica, 2012)
in a late Carboniferous rhyolite ﬂow on Danubian (Iancu et al.,
2005). One orthogneiss has an initial 3Nd of 5.4, suggesting that
this intermediate magmatic rock contained a pre-existing crustal
component.
Table 1
Age, tectonic setting and provenance of the Carpathians terranes.
Carpathian area Terrane/Metamorphic unit Tectonic setting Age Provenance
South Carpathians Danubian domain Drags¸an/Drags¸an Panthalassa oceanic island arc Early Neoproterozoic Peri-Amazonia
Lainici-Paius¸/Lainici-Paius¸ Continental margin volcanic arc Late Neoproterozoic Peri-Amazonia
Tis¸ovit¸a/Tis¸ovit¸a-Iuti Oceanic lithosphere Early Devonian? Tornquist Sea?
South Carpathians Getic domain Sebes¸-Lotru/Cumpana Continental margin volcanic arc Ordovician NE Africa
Sebes¸-Lotru/Lotru Continental margin volcanic arc Late Neoproterozoic NE Africa
Leaota/Calusu Continental margin volcanic arc Ordovician NE Africa
Leaota/Leres¸ti Continental margin volcanic arc Ordovician NE Africa
Caras¸/Caras¸ Continental margin volcanic arc Ordovician NE Africa
Caras¸/Bocs¸it¸a-Drimoxa Continental margin volcanic arc Ordovician NE Africa
Pades¸/Pades¸ Back-arc Ordovician NE Africa
Fagaras¸/Podragu Passive continental margin Ordovician NE Africa
Fagaras¸/Rusca Passive continental margin Ordovician NE Africa
East Carpathians Bretila/Bretila Continental margin volcanic arc Ordovician NE Africa
Tulghes¸/Tulghes¸ Back-arc Ordovician NE Africa
Negris¸oara/Negris¸oara Passive continental margin Ordovician NE Africa
Rebra/Rebra Passive continental margin Ordovician NE Africa
Apuseni mountains Somes¸/Somes¸ Continental margin volcanic arc Ordovician NE Africa
Biharia/Biharia Rifting bimodal magmatism Late Cambrian-Early Ordovician NE Africa
Baia de Aries¸/Baia de Aries¸ Passive continental margin Ordovician NE Africa
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from mantle sources; one sample has an 3Nd(t) ¼ þ9.2 and the
overall geochemistry of these metamaﬁc rocks suggest they were
formed in an oceanic island arc setting (Liégeois et al., 1996). A
whole rock Sm/Nd isochron on eight amphibolite samples from this
unit deﬁne an apparent age of 835  200 Ma. The Drags¸an rock
assemblage is the oldest basement unit of the Romanian Carpa-
thians and it was not subject to magmatism again until the Varis-
can. The juvenile isotopic signature, intra-oceanic setting and age of
this unit is the main reason for suggesting a resemblance of the
Drags¸an rocks to Avalonian terranes (Nance et al., 2008). This
inference is also sustained by the age spreading of the detrital
zircon from sample 330 (Fig. 4) including 9 early and middle
Mesoproterozoic ages (Balintoni et al., 2011a).
In summary, the Drags¸an unit has a lower part that appears to
have been a magmatic arc with some juvenile additions atw0.8 Ga,
and was unaffected by Cadomian magmatism. We interpret the
Drags¸an unit to be similar to Avalonian terranes, located outside of
the position of the Cadomian arc.
3.2. Lainici-Paius¸ terrane
The Lainici-Paius¸ metasedimentary rock sequence (Manolescu,
1937) was divided into a lower “Carbonate-Graphitic” Formation
consisting of marble, graphite mica-gneiss, amphibolite, and calc-
silicate gneiss, and an upper “Quartzitic and Biotite-Gneiss” For-
mation with minor marble, graphite-mica gneiss, amphibolite and
calc-silicate gneiss (Berza, 1978). Both formations have been
metamorphosed under low pressure/high temperature conditions
(Savu, 1970; Berza, 1978). The, sillimanite-andalusite-cordierite-
almandine assemblage in metapelites and forsterite-diopside-
phlogopite-pargasite assemblage in marble and calc-silicate rocks
are partially overprinted by low-grade minerals (up to chlorite) due
to Variscan and Alpine tectonics (Berza and Seghedi, 1983).
The Lainici-Paius¸ contains heterogranular leucogranite with
black feldspar, muscovite and garnet that forms a meter-scale
network crosscutting all lithologies, including marble and pure
quartzite. These Lainici-Paius¸ leucogranitoids make up as much as
w25% of the outcrop area and they are crosscut by large bodies of
latest Neoproterozoic (Cadomian) granitoid plutons (Liégeois et al.,
1996; Balintoni et al., 2011a; Balintoni and Balica, 2012; Table 2;
Fig. 3). The largest of these distinctive plutons are Tismana, Sus¸ita,
Novaci, Oltet¸ and Arsasca and range in age from 587.3  2.6 Ma to600.5  4.4 Ma. They correspond to the main phase of the Cado-
mian continental magmatic arc regionally (e.g. Linnemann et al.,
2008b).
The Lainici-Paius¸ terrane provenancewas discussed by Balintoni
et al. (2011a) and Balintoni and Balica (2012) based on detrital
zircons from a Lainici-Paius¸ metaquartzite, 3 late Neoproterozoic
paragneisses, and on the inherited zircons in the Cadomian granites
(5 samples), Lainici-Paius¸ leucogranites (2 samples) and Motru
Dikes (5 samples), pre-Silurian in age (Berza and Seghedi, 1975b) or
Variscan (Balintoni and Balica, 2012). The detrital zircon and
inherited zircon ages are shown in Fig. 5. The diagnostic charac-
teristic of the detrital and inherited zircons is the sizable peaks in
the 1.6e1.05 Ga age range. These age peaks are very rare in Cado-
mian terranes but they occur in the peri-Amazonian, Avalonian and
Ganderian terranes, respectively (Nance et al., 2008; Linnemann
et al., 2011). The orogenic sources for the above zircons could be
the Rio Negro-Juruena belts (1.8e1.55 Ga), and the Rondonia-San
Ignacio belt (1.55e1.2 Ga) (Cordani and Teixeira, 2007; Bahlburg
et al., 2011). Summarizing, the Ganderian origin of the Lainici-
Paius¸ unit is suggested by: (i) the features of the metasedimentary
rocks (typical continental margin sequence), (ii) the inherited zir-
cons ages (reworked Amazonian basement), and (iii) its migration
within the Tornquist Sea ahead of the Avalonian Drags¸an terrane
(Balintoni et al., 2011a).
3.3. Tisovit¸a terrane
The Tisovit¸a unit is a maﬁc-ultramaﬁc rock assemblage consid-
ered to represent an ophiolite (Kräutner, 1996e1997). It occurs
along the pre-Alpine contact between the Drags¸an and Lainici-
Paius¸ units in the Banat region (Fig. 3). Geochemical features of the
Tisovit¸a terrane (Marunt¸iu, 1984, 1987; Marunt¸iu et al., 1997;
Plissart et al., 2009; Plissart, 2012) suggest that it may have
formed at a former spreading centre. Iancu et al. (1998, 2005)
interpreted the Tisovit¸a terrane as a late Neoproterozoic or early
Paleozoic suture. Kräutner (1996e1997) proposed that the Tisovit¸a
terrane was obducted onto the Lainici-Paius¸ terrane during the
early Ordovician, whereas the Drags¸an terrane was accreted to the
Tisovit¸a and Lainici-Paius¸ terranes only during the Variscan
orogeny. The Deli Jovan ophiolite gabbro, an extension of the
Tisovit¸a terrane located south of Danube in Serbia, yielded an U/Pb
SHRIMP zircon age of 405  2.6 Ma (Zakariadze et al., 2006), sug-
gesting a late Caledonian (Tornquist) suture between the two peri-
Figure 3. Distribution of the Danubian terranes and associated granitoid bodies in South Carpathians. See Fig. 6 for a general frame of the South Carpathians. Compiled according to
Seghedi et al. (2005) and Balintoni and Balica (2012).
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described above have been tectonically reactivated during the
Variscan and Alpine orogenies.3.4. The Moesian platform and Lainici-Paius¸ terrane
According to Iancu et al. (2005) the Lainici-Paius¸ terrane
accreted to the western part of Moesia in the early Paleozoic
when other Avalonian terranes docked with Baltica. However,
Moesia represents an enigmatic fragment whose basement is not
well known, in large part because it is not exposed. Moesia,
which is a continental indentor during the closure of the Alpine
oceanic realms in the Carpathians (Schmid et al., 2008) was
considered an Avalonian terrane by Stampﬂi et al. (2002), and a
Baltican one by von Raumer et al. (2002). Later, von Raumer and
Stampﬂi (2008) and von Raumer et al. (2009), located all the east
European peri-Gondwanan terranes in the northeastern part of
Africa and farther eastwards, close to the China blocks. The
exposed Central Dobrogea basement is also considered to be part
of Moesia. It comprises largely of an extensive low-grade turbi-
dite formation, the Green Schists formation, of upper Neo-
proterozoic age, which formed in a passive margin (Seghedi
et al., 2005). Balintoni et al. (2011b) measured similar mid-Pro-
terozoic (1.05e1.6 Ga) detrital zircons in these rocks as in Lainici-Paius¸, suggesting an Amazonian origin. However, it is not sure
that the entire basement of the Moesia has an Avalonian
provenance.
4. Petrological features of the Getic domain, South
Carpathians, East Carpathians and Apuseni mountains
terranes
These terranes form theMedian Dacides basement in the South
and East Carpathians, and the Inner Dacides basement in the
Apuseni mountains (Figs. 6e8) (Balintoni, 1997). They appear to
broadly have a common provenance and plate tectonics history,
which is altogether distinct from the Danubian basement terranes
described above. While little has been done to resolve the original
tectonic setting under which the units below were formed, we
attempted to divide them into the following categories: magmatic
arcs, rifted margins, passive continental margins, and subduction
complexes.
4.1. Magmatic arc terranes (Table 1)
4.1.1. Sebes¸-Lotru terrane (South Carpathians)
As distinct petrologic features of its basement, the quartzite
and carbonate rock are quite scarce, mica schist subordinate,
Figure 4. Detrital (a) and igneous (b) U/Pb zircon age distribution from the Drags¸an terrane basement rocks (Danubian domain, South Carpathians). N (Number of ages): 91 for (a)
and 96 for (b).
Table 2
Ages of Cadomian granitoid plutons intruded within the Lainici-
Paius¸ terrane basement (Balintoni et al., 2011a; Balintoni and
Balica, 2012).
Cadomian granite Best ages (Ma)
Tismana 600.5  4.4
Sus¸it¸a 588.1  3.1
Novaci 591.5  4.1
Oltet¸ 587.3  2.6
Arsasca 595.8  7.2
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dominated by orthogneiss, metabasite and metaultrabasite. In
the South Carpathians, eclogites occur only within the Sebes¸-
Lotru terrane basement (Iancu et al., 1988b, 1998; Medaris
et al., 2003). Orthogneisses show strong migmatic structures
(augen and linear gneisses) and the metabasic rocks have a
typical continental magmatic arc geochemistry (Dragus¸anu
et al., 1997).
4.1.2. Leaota and Caras¸ terranes (South Carpathians)
Petrographically, the Leaota and Caras¸ terranes are similar to the
Sebes¸-Lotru terrane basement (paragneiss, orthogneiss, metabasite,
metaultrabasite, granitoid), and have presumably the same origin.
However, the Leaota and Caras¸ terranes basement do not contain
eclogites (e.g. Iancu et al., 1998).
4.1.3. Bretila terrane (East Carpathians)
The Bretila terrane basement consists dominantly of orthog-
neiss frequently with augen structures, metagranitoid (Haghimas¸
and Mândra in central East Carpathians), amphibolite, paragneiss
and rare mica schist. In the Rodna mountains, low grade late
Paleozoic volcanic and sedimentary rocks metamorphosed during
the Alpine nappe stacking (Balintoni et al., 1997), cover the base-
ment of the Bretila terrane (Kräutner et al., 1982).4.1.4. Somes¸ terrane (Apuseni mountains)
Mica schist, orthogneiss and paragneiss with subordinate meta-
basite petrologically dominate the Somes¸ terrane basement. It grades
southward and eastward into the Codru assemblage, a discontinuous
orthoamphibolite and gabbro belt (Dimitrescu, 1988; Pana et al.,
2002b), preserved in the basement of an Alpine nappe (Balintoni,
1997). The Codru assemblage may represent a metamorphosed
remnant of the Ordovician oceanic crust (Pana et al., 2002b).
4.2. Back-arc environment and rift terranes (Table 1)
4.2.1. Pades¸ terrane (South Carpathians)
Its basement consists of different types of quartzitic schists,
white and black (graphitic) quartzites, rare carbonate rocks, and
Figure 5. Detrital (a) and igneous (b) age distribution from the Lainici-Paius¸ terrane basement rocks and its Mesozoic cover (Danubian domain, South Carpathians). N (Number of
ages): 321 for (a) and 528 for (b).
Figure 6. Map showing the pre-Alpine terranes in the basement of the Median Dacides (Getic domain) and Marginal Dacides (Danubian domain) in the South Carpathians.
Compiled according to Iancu et al. (2005) and Balintoni et al. (2009a).
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Figure 7. Map showing the pre-Alpine terranes in the basement of the East Carpathians Median Dacides. Compiled after Kräutner (1996e1997), Balintoni (1997) and Balintoni and
Balica (2013).
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Kuroko type base metal ores occur (Kräutner, 1974).
4.2.2. Tulghes¸ terrane (East Carpathians)
It also consists of quartz-muscovite (sericite) schists, graphite
schists, white and black quartzites, and a rhyolitic volcano-
sedimentary assemblage. Metamorphosed syngenetic manganese
carbonate ore deposits are associated with the black quartzites,whereas with the rhyolitic metavolcanics, stratiform pyrite and Cu,
Pb, Zn great ore deposits of Kuroko type are known to occur (e.g.
Kräutner, 1988).
4.2.3. Biharia terrane (Apuseni mountains)
This unit comprises alternating metabasite and metagranitoid
lithologies, representing a bimodal metaigneous association (Pana
and Balintoni, 2000).
Figure 8. Map showing the pre-Alpine terranes in the basement of the Apuseni mountains Inner Dacides. Compiled after Balintoni (1997) and Balintoni et al. (2010b).
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4.3.1. Fagaras¸ terrane (South Carpathians)
It comprises metaterrigenous rocks (mica schist, paragneiss,
quartzite), sometimes amphibolite, and especially thick layers of
carbonate rocks that host Cu-Pb-Zn and magnetite mineralizations.
At the uppermost part thin and rare layers of orthogneiss occur. In
the Poiana Rusca mountains iron ore in a carbonate facies and
pyrite lenses are known (Kräutner, 1974). Remarkable is the
absence of metagranitoid, metaultrabasite and eclogite (Iancu et al.,
1998).
4.3.2. Negris¸oara terrane (East Carpathians)
It consists of a lower biotite-quartz paragneiss formation with
scarce intercalations of limestone, amphibolite, microcline gneiss,
and an upper part represented by the Pietrosu Bistrit¸ei porphyroid
gneiss, an extended layer of dacitic metavolcanics (Balintoni and
Neacs¸u, 1980), covering the same surface as the lower formation
(Balintoni, 1997). The Negris¸oara rock association suggests its
deposition not far of some great volcanic material sources.
4.3.3. Rebra terrane (East Carpathians)
It contains a thick stack of mica schist with interlayered lime-
stone, dolomite, quartzite and amphibolite. Toward the top of it
white quartz-feldspar rocks (Nichitas¸ orthogneiss), are intercalated.
In the Rodna mountains, Mississippi Valley type ore bodies asso-
ciated to the carbonate rocks were mined (e.g. Kräutner, 1988).4.3.4. Baia de Aries¸ terrane (Apuseni mountains)
It consists of large carbonate lenses enclosed within mica schist
and paragneiss; orthogneiss and metabasite are subordinate.
Additionally, it includes a few bodies of eclogite-facies rocks
(Szàdeczky, 1930), sometimes encapsulated in the carbonate rocks
(Marunt¸iu et al., 2004). The Baia de Aries¸ rock association suggests
its deposition close to a back-arc basin.
The above description petrographically individualizes every
terrane type. We remark: scarcity of carbonate rocks and abun-
dance of acid and basic magmatic rocks in magmatic arc terranes;
plenitude of carbonate rocks and metasediments in passive margin
terranes; acid volcanics and huge Kuroko-type ore bodies in back-
arc environment terranes.4.4. Bughea complex
Located in the eastern part of the South Carpathians, the <1 km
thick Bughea complex marks a structural boundary between the
Sebes¸-Lotru terrane in a lower position and Leaota unit in an upper
position. It consists of a predominantly semipelitic to maﬁc mél-
ange rich in chloritoid with less abundant blocks of amphibole-
bearing mica gneiss, amphibolite, marble, quartzite and eclogite
(Sabau, 2000). Eclogite-grade metamorphism suggests that the
Bughea complex is a subduction channel that marks the collision of
the neighboring units. The suspected age of the Bughea Complex is
Variscan, based on the fact that the underlying unit, the Sebes¸-
Table 3
U-Pb zircon ages of the igneous protoliths from the Carpathian-type terranes (Balintoni et al., 2010a,b; Balintoni and Balica, 2013).
Terrane Metamorphic unit Sample Best age (Ma)
Getic Domain/South Carpathians
Sebes¸-Lotru Cumpana 271-Capâlna orthogneiss 458.9  3.5
283-Latorit¸a orthogneiss 466.0  4.2
Lotru 279-Godeanu migmatic dike 549.3  3.9
275-Frumoasa metagranite 587.5  3.8
Leaota Leres¸ti 221-Clabucet orthogneiss 479.0  5.2
224-Lalu metagranite 475  4.6
Caras¸ Caras¸ 220-Naidas¸ metagranite 481.7  3.2
Bocs¸it¸a-Drimoxa 215-Brades¸ti metagranite 479.1  2.7
Pades¸ Pades¸ 239-Vet¸el orthogneiss 450.5  2.9
Bughea subduction complex 223-Albes¸ti metagranite 467.8  5.9
East Carpathians
Bretila Bretila 255-Anies¸ augen gneiss 464.0  3.0
257-Haghimas¸ granitoid 469.2  6.5
Tulghes¸ Tulghes¸ 10-476-Zugreni metarhyolite 462.6  3.1
Negris¸oara Negris¸oara 10-475-Pietrosu porphyroid 461.1  5.2
Rebra Rebra 256-Nichitas¸ orthogneiss 447.9  2.8
Apuseni mountains
Somes¸ Somes¸ 165, 166-Iara orthogneiss 459.8  2.7
Baia de Aries¸ Baia de Aries¸ 171-Pociovalis¸tea augen gneiss 470.8  5.0
186, 268, 269-Lups¸a metaporphyroid 467.8  3.8
178-Mihoes¸ti metagranite 467.8  4.7
181-Muncelu metagranite 467.1  3.9
Biharia Biharia 170, 290, 291-Biharia metagranites 495.0  2.1
327, 328, 328B-Biharia metabasites 477.8  3.2
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Variscan orogeny (Medaris et al., 2003).
5. Isotopic ages
5.1. Magmatic protolith ages
The zircon LA-ICP-MS U-Pb ages on orthogneiss and meta-
granitoid samples from the Carpathians terranes (except the
Danubian ones) (Balintoni et al., 2010a, b; Balintoni and Balica,
2013) are included in Table 3 and plotted in Fig. 9. Except the
metaigneous protoliths from the Lotru metamorphic unit (Sebes¸-
Lotru terrane basement), the other ages are bracketed between
w495Ma (the Biharia terranemetagranitoids, Apuseni mountains),
andw450Ma (Vet¸el orthogneiss, Pades¸ terrane, South Carpathians,
and Nichitas¸ orthogneiss, Rebra terrane, East Carpathians). Thus,
the igneous protolith ages range between late Cambrian and late
Ordovician, with most ages clustering between 470 and 460 Ma.
These ages suggest the Ordovician period as the crustal construc-
tion time in the Romanian Carpathians basement, and is consistent
with a large body of data from the entire Alpine and Variscan
Europe (von Raumer et al., 2013).
Balintoni et al. (2011c) and Balintoni and Balica (2013) developed
a model for an Ordovician North-African orogen to explain the
Ordovician protoliths from the Romanian Carpathians basement
(Figs.10 and 11). In thismodel, theNorth-African orogenwas related
to the opening and closing of the eastern branch of the Rheic Ocean.
5.2. Whole rock Nd isotopes
Published and unpublished whole rock 3Nd data for basement
units from the Carpathians (Balintoni et al., 2001; Pana et al.,
2002b) are listed in Table 4. There is a ﬁrst order similarity of the
3Nd data between the Getic, East Carpathians and Apuseni moun-
tains rocks. Except two samples from the Getic domain and some
Variscan and Permian igneous rocks, all the other basement rocks
have TDM ages between 2.26 and 1.50 Ga. Metagranitoids and
orthogneisses cluster around younger model ages (TDMw 1.50 Ga)
than paragneisses or metapelites (TDMw 2 Ga).These data suggest a relatively homogenous basement from an
isotopic perspective and underscore the common origin of these
lithospheric domains. These units were probably close to each other
while they were close to subduction margins during the Neo-
proterozoic and early Paleozoic, despite differences in their petro-
graphic record. The negative 3Nd values for most metaigneous
samples suggest that the magmatic assembly of these terranes took
place close to a continentalmargin and that noneof these unitswere
true island arcs that subsequently docked to a continent. In accor-
dancewith Figs. 10 and 11, these terranes were para-authochtonous
to Gondwana and exotic to Laurussia in the sense of Ramos (2008).
5.3. Metasedimentary sequences ages
A paragneiss from the Cumpana metamorphic unit (Sebes¸-Lotru
terrane) (sample 274) provided four almost concordant ages be-
tween 498 and 503 Ma. The youngest detrital zircon grains from
sample 231, collected from the upper part of the Podragu meta-
morphic unit (Fagaras¸ terrane), yield ages of 516 and 517 Ma. From
the sample 219, collected from the upper part of the Caras¸ meta-
morphic unit (Caras¸ terrane), the youngest three grains yield 508,
525 and 527 Ma. The two youngest grains from sample 260
(Negris¸oara terrane basement) yield 496 and 524 Ma. From the
Somes¸ terrane basement (sample 189), the youngest grains yield
492, 505 and 506 Ma.
Considering the above ages, the sediment deposition probably
began during late Cambrian in the post-Neoproterozoic terranes
from the Romanian Carpathians. Except the Lotru metamorphic
unit, they represent early Paleozoic rock assemblages, subsequent
to the end of the Pan-African orogeny.
The late Cambrian and Ordovician sedimentation in these ter-
ranes coincides with the global high sea level installed during that
time (e.g. Vail et al., 1977), characterizing the Sauk Supersequence
(e.g. Ford and Golonka, 2003).
6. Provenance
The detrital zircon ages (>900 Ma) from the Getic domain of
South Carpathians (samples 219, 231, 274), East Carpathians
Figure 9. Detrital (a) and igneous (c) age distribution in the Carpathian-type terranes basement, and igneous (b) age distribution in the Lotru metamorphic unit basement. N
(Number of ages): 957 for (a), 1056 for (c) and 61 for (b).
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107, 189, 152b, 324) are plotted in Fig. 9. Concerning the terranes
provenance along the Gondwana margin, four aspects are impor-
tant: (1) the large number of ages between 720 and 530 Ma (456
ages or w50.6% of total); (2) the well represented 920e720 Ma
time interval (123 ages or w13.7% of total); (3) the prominent
source between 1070 and 930 Ma (87 ages or w9.7% of total); (4)
the Mesoproterozoic gap between 1.6 and 1.25 Ga (in all 6 ages or
w0.7% of total). In a ﬁrst approximation these features (adding
also the 3Nd and TDM data), characterize the Cadomian NE African
(Minoan) terranes (Zulauf et al., 2007). According to Balintoni and
Balica (2013), the younger set should include Pan-African Cado-
mian sources (e.g. Linnemann et al., 2008a,b), the second set
suggests the Arabian-Nubian shield, Mozambique orogen and the
Saharan Metacraton (Abdelsalam et al., 2002; Johnson andWoldehaimanot, 2003; Drost et al., 2011), and the third set rep-
resents Grenvillian ages (e.g. Rogers and Santosh, 2004), possibly
sourced by the Kuunga orogen (Duan et al., 2011) and the Kibaran
orogen (Rino et al., 2008). Similar sources to those plotted in Fig. 9
are also included in the detrital zircon record of early Paleozoic
sandstones in Jordan (Kolodner et al., 2006), Israel (Avigad et al.,
2003; Kolodner et al., 2006), and Iran (Horton et al., 2008).
Although the discussed Carpathians terranes have a NE African
provenance, similar to the East Cadomian, Minoan-type ones, they
differ by their early Paleozoic age and origin in the North-African
orogen. From this reason they were called Carpathian-type terranes
(Balintoni and Balica, 2013). There are Carpathian-type composite
terranes preserving a Cadomian basement (Sebes¸-Lotru terrane),
or without such basement, simply referred as Carpathian-type
terranes.
Figure 10. Paleozoic reconstructions of the North African Ordovician orogen (Balintoni
et al., 2011c; Balintoni and Balica, 2013) at w500e450 Ma. Initial paleogeography
according with Stampﬂi et al. (2011) and Nance et al. (2012). (A) Pre-opening situation
of the eastern Rheic branch with an ocean-continent subduction under the “Cadomian
(Avalonian)” margin of Gondwana at w500 Ma. (B) Location of Cadomian and Avalo-
nian basements near the Gondwana margin atw477 Ma during the ﬁnal opening stage
of the eastern Rheic with a maximum width of w900 km. (C) Location of the future
Cadomian-type and Carpathian-type terranes within the Gondwana margin at ca
450 Ma. The Carpathian-type terranes were presumably located along the eastern
portion of the aborted Rheic suture.
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(Condie et al., 2009a,b), we notice in our histograms (Fig. 9) several
similar age spreadings as: (1) an important peak between 2.7 and
2.6 Ga; (2) a minimum between 2.5 and 2.2 Ga; (3) a prolonged
magmatic activity between w2.2 and 1.8 Ga; (4) a great gap be-
tweenw1600 and 1050Ma. Our data also record themain period of
the Grenvillian orogeny (1050e950 Ma), the time when the juve-
nile part of the Arabian-Nubian shield formed (900e730 Ma) and
the duration of the Pan-African orogeny (including the Cadomian
orogen) (720e530 Ma).7. Accretion events, sutures and correlations
As fragments of the Ordovician North-African orogen, the
Carpathian-type terranes migration, their possible amalgamation
and later continental accretion and collision (Figs. 10 and 11), musthave taken place during the later stages of the Paleozoic and
culminating with the Variscan orogeny. The Alpine orogeny is also
clearly responsible for reactivation of most of the early tectonic
discontinuities in the Carpathians. In a palinspastic pre-Alpine
restoration (Figs. 10 and 11) the continental margin magmatic arc
terranes (Leaota, Sebes¸-Lotru, Caras¸, Bretila and Somes¸) drifted
ahead, and behind them drifted the passive continental margin
terranes (Fagaras¸, Rebra, Negris¸oara and Baia de Aries¸) with the
back-arc terranes (Tulghes¸, Pades¸ and Biharia) in between. The
Variscan magmatism known in the Danubian domain basement
(Table 5) (Balintoni and Balica, 2012) and in the Somes¸ terrane
basement (Balintoni et al., 2009b), in connection with the eclogites
dated as Variscan in the basement of Sebes¸-Lotru (Medaris et al.,
2003) and Baia de Aries¸ (Balica et al., 2008) adjacent terranes,
can be used to establish the Variscan plate tectonics. Such facts
suggest the upper plate position of the Danubian domain, and
Somes¸ terrane, and the lower plate position of the Sebes¸-Lotru and
Baia de Aries¸ terranes, during prolonged collision accompanied by
continental subduction.
The Variscan nappes, with the Rebra terrane in the lowermost
position and Bretila terrane in the uppermost position described by
Balintoni et al. (1983) in the East Carpathians, clearly indicate the
upper plate position of the Bretila terrane, explaining also the
volcanic rocks in its Paleozoic cover (Kräutner et al., 1982).
The above observations call for a Rheic suture between the
Sebes¸-Lotru terrane and the Danubian domain basement, and for
Paleotethyan sutures in East Carpathians and Apuseni mountains.
The Tulghes¸ and Biharia terranes, possibly remained attached to
the passive continental margin terranes. They detached from the
above entities only during continental collision and were trans-
ported a relative short distance along the subductional space.
Practically they attached to the back of the upper plates. This may
explain why they do not record the intensity of the Variscan
metamorphic grade experienced by the lower plates (Rebra and
Baia de Aries¸). The Variscan plate tectonics of the Pades¸ and Fagaras¸
terranes in South Carpathians is obscured by the Alpine tectonics.
Between the Sebes¸-Lotru and Caras¸ terranes a suture was
described in the Banat region (Iancu et al., 1988a), marked by
Variscan nappes and a linear Variscan intrusion, the Sichevit¸a-
Poneasca pluton piercing the nappes (Duchesne et al., 2008). It
represents a Paleotethyan suture of a Paleotethys branch.
At least some terranes of the Romanian Carpathians were
probably attached to each other along the direction, prior to the
Variscan collision (Pana et al., 2002b; Balintoni et al., 2009a). We
suspect this was the case for the Fagaras¸, Rebra þ Negris¸oara and
Baia de Aries¸ terranes. The Bretila and Somes¸ terranes are also
inferred to represent a single long crustal block prior to the Varis-
can, while the Sebes¸-Lotru and Caras¸ terranes independently drif-
ted within the Rheic Ocean the ﬁrst and within the Paleotethys
Ocean the second. The Leaota terrane possibly represents a frontal
fragment from the Sebes¸-Lotru terrane, detached during the con-
tinental subduction; it is separated from the Sebes¸-Lotru terrane by
the Bughea subduction complex containing eclogites.
No doubt, the Sebes¸-Lotru terrane does not extend in the East
Carpathians and the Rheic suture is missing in the East Carpathians
and Apuseni mountains. The last situation is probably due to the
Variscan and Alpine orogenies, when some Avalonian or even
Carpathian-type terranes in the Carpathians’ front were strongly
dispersed and totally overthrust.
8. Metamorphism
It is well established that Alpine metamorphism in the Roma-
nian Carpathians is only low-grade even in the lowermost tectonic
units of the Danubian domain (e.g. Ciulavu et al., 2008). Virtually all
Figure 11. Cross-section evolution model for the North-African Orogen and the Carpathian-type Gondwanan terranes from 495 to 420 Ma. Gondwana is viewed as reference point
while the other components of the model move in and out of the section. ae Initial rifting along the northern African margin expressed as bimodal magmatism in the Biharia
terrane in the Apuseni mountains. be Maximum extension when the back-arc type eastern Rheic basin has formed. The future possible location of the Carpathian-type terranes is
indicated. ce A contraction period has begun after 477 Ma. The eastern Rheic was closed and subductional magmatism was active within Cadomia and within the eastern Rheic
back-arc basin. This last magmatism affected also the extended margin of Gondwana. During this period, the Gondwana margin was quite active and ﬁnally become a collisional
orogen. de post 450 Ma, the Gondwana margin became passive again. The previously accreted lithospheric fragments detached off from the Gondwana margin along the former
tectonic discontinuities, migrate toward Laurussia, and ﬁnally amalgamated and accreted to it as parts of the Variscan Orogen.
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mid-temperature (400e500 C) closure ages that are late Variscan
(for example 295e320 Ma, in the case of Sebes¸-Lotru terrane
basement, Dallmeyer et al., 1998), whereas lower temperature
thermochronometers such as ﬁssion track and U-Th/He chronom-
eters yield Cretaceous and younger ages (e.g. Fügenschuh and
Schmid, 2005; Gröger, 2006). These units were part of, or were
intruded by magmatic arcs during the Neoproterozoic (Drags¸an,
Lainici-Paius¸, Lotru unit in Sebes¸-Lotru), and Ordovician (Cumpana
unit in Sebes¸-Lotru, Caras¸, Leaota, Bretila, Somes¸) thus implying
that regional metamorphism has been either synchronous with the
development of these arcs and associated collisions, or/and later
Paleozoic.Regarding the Carpathian-type terranes, most pre-Alpine min-
eral assemblages are polymetamorphic, with abundant evidence
for retrogression in lower grade rocks (e.g. Hârtopanu, 1975;
Balintoni and Gheuca, 1977; Balintoni, 1997 and references
therein), yet relatively little is known about their absolute age.
There are no published monazite ages on these terranes. Two
concordant leucogranites that are synchronous with ductile
deformation in the Sebes¸ Lotru terrane have Pb-Pb ages of 332  14
and 338  11 Ma (Iancu et al., 1998), indicating that colissional
metamorphism and partial melting took place at least locally dur-
ing the Variscan. Sm-Nd garnet isochron ages of eclogite facies
lenses from Sebes¸ Lotru (Medaris et al., 2003) amphibolites from
Cumpana (Dragus¸anu and Tanaka, 1999) and mica schists from Baia
Table 4
Modeled crustal residence time (TDM) and 3Nd values calculated at speciﬁc times, for some typical lithologies of the Carpathian-type terranes basement and cover (Balintoni
et al., 2001; Pana et al., 2002b; unpublished data of the same authors). The present values of the isotopic ratios of CHUR used for calculation are: 143Nd/144Nd ¼ 0.512638;
147Sm/144Nd ¼ 0.1966. Decay constant for Sm: l147Sm ¼ 6.54  1012 y1 (e.g. Faure and Mensing, 2005).
Metamorphic unit Sample 3Nd(t) TDM (Ga)
Getic Domain/South Carpathians
Cumpana SC-6 Magura Câineni mica schist (490) 9.5 1.89
SC-23 Magura Câineni mica schist 1.32
SC-22 Cugir mica schist 2.01
Ky-paragneiss Sugag (490) 8.9 1.92
SC-24 Capâlna amphibolite 1.50
SC-25 Capâlna augen gneiss 1.76
SC-27 Cozia augen gneiss 1.63
SC-2 Bolovanu metagranite (460) 4.9 1.57
Lotru SC-3 Ursu metagranite (460) 9.3 1.90
SC-4 Tilis¸ca metagranite (460) 8.1 1.84
Podragu SC-26 South Sibis¸el paragneiss (490) 10.7 2.06
Ser-Cl Schist Bâlea (490) 5.9 1.95
SC-5 Sibis¸el linear gneiss (460) 4.9 1.08
Bughea subduction complex SC-1 Albes¸ti metagranite (460) 6.6 1.77
East Carpathians
Bretila EC-9 Retrogressed paragneiss, Ros¸u (490) 5.7 1.65
EC-29 Garnet gneiss, Gheorgheni (460) 10.0 2.02
EC-16 Mica schist, Pângarat¸i pass (490) 5.2 1.62
EC-7 Haghimas¸ metagranite, Balan (460) 3.9 1.56
EC-18 Mândra metagranite, Belchia (460) 4.2 1.57
Tulghes¸ EC-12 Ser-Cl schist, Belchia (490) 8.8 1.88
EC-28 Ser-Cl schist, N-Balan (490) 5.3 1.58
EC-21 Orthogneiss, Brezut¸a (460) 4.4 1.84
Negris¸oara EC-15 Paragneiss, Barnar (490) 10.0 2.04
EC-8 Pietrosu porphyroid, Neagra (460) 5.5 1.69
EC-30 Pietrosu porphyroid, N. Ditrau (460) 5.6 1.63
EC-20 Pietrosu porphyroid, Zugreni (460) 5.5 1.72
Rebra EC-10 Retrogressed mica schist, Bilbor (490) 7.6 1.71
EC-11 Retrogressed mica schist, Prislop pass (490) 9.4 2.07
EC-13 Retrogressed mica schist, Rotunda pass (490) 9.1 2.04
EC-14 Retrogressed paragneiss, Sândominic (490) 8.6 2.01
EC-31 Garnet-sillimanite paragneiss, Neagra (490) 7.9 1.85
EC-19 Nichitas¸ orthogneiss, Rodna (460) 5.6 1.83
Bretila late Pz cover EC-17 Metavolcanics, Negoiescu, Rodna (300) 0.3 0.91
Apuseni mountains
Somes¸ 1-Giurcut¸a gneiss (490) 9.9 1.90
4-Bais¸oara garnet gneiss (490) 9.8 1.87
3-Iara kyanite mica schist (490) 7.3 1.76
24-Madrigesti valley gneiss (490) 3.4 1.73
6-Huzii valley ﬁbrolite schist (490) 6.8 1.63
9-Codru Moma Gr-And gneiss (490) 4.8 1.61
5-Iara Valley granite (Variscan) (350) 5.2 1.38
8-Codru Moma granite (Variscan) (350) 1.9 1.24
7-Neagu Valley granodiorite (Variscan) (350) 2.4 0.96
23-Madrigesti granite (Variscan) (350) 3.3 1.75
2-Muntele Mare granite (Variscan) (292) 4.8 1.62
Baia de Aries¸ 19-Surduc gneiss (490) 5.2 1.69
20-Salciua village gneiss (490) 6.9 1.82
21-Cioara valley gneiss (490) 4.9 1.71
16-Mihoes¸ti granite (460) 3.7 1.55
22-Vint¸a granite (Variscan) (350) 1.4 1.65
Biharia 15-Leucii valley diorite (495) 0.4 1.77
14-Leucii valley granite (495) 0.5 1.56
17-Dobra valley granite (495) 1.9 2.26
Paius¸eni Permian para- and ortho-rock association 10-Siria Fortress conglomerate (490) 6.8 1.68
12-Cladova valley diorite (260) 3.9 1.35
11-Casoaia valley granite (260) 6.7 1.96
13-Jernova valley granite (260) 3.5 2.12
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represent the only robust data documenting Variscan meta-
morphism regionally. Based on these data, it is assumed that the
Variscan (collisional) regional metamorphism is ubiquitous in the
Carpathian-type terranes, although some areas could have under-
gone earlier yet undocumented metamorphism. Some of the best
studied polymetamorphic mineral assemblages in Carpathian-type
terranes basement, with indirect arguments for pre-Variscan initial
metamorphism are exempliﬁed farther.Cumpana metamorphic unit in the basement of the Sebes¸-Lotru
is an example. According to Hârtopanu (1975,1978,1986) and Iancu
and Hârtopanu (1979), a ﬁrst mineral assemblage containing
staurolite and kyanite developed in metasedimentary rocks. In a
subsequent thermotectonic event a throughout penetrative S2
foliation reorganized the rock minerals andw80% of the Cumpana
rock mass recrystallized, again in the stability ﬁeld of staurolite and
kyanite. Later andalusite þ cordierite  sillimanite grew at the
expense of the older minerals and ﬁnally, in a hydrated regime,
Table 5
U-Pb zircon ages of the Danubian Variscan granitoids
(Balintoni and Balica, 2012).
Granite Best age (Ma)
Retezat 309.7  5.1
Buta 303.7  2.4
Parâng Latorit¸a 285.7  1.8
Parâng Jiet¸ 297.7  3.4
Culmea Cernei 286.8  4.2
Frumosu 303.4  2.9
Furcatura 316.4  2.9
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zone. Considering the work of Marunt¸iu et al. (1997), Dragus¸anu
and Tanaka (1999), Medaris et al. (2003), Sabau and Massone
(2003), we presume Variscan collision and continental subduc-
tion (eclogite grade metamorphism) for the post-S2 paragenesis
with staurolite and kyanite of second generation. The low pressure/
high temperature minerals (andalusite þ cordierite  sillimanite)
suggest isothermal exhumation, ﬁnally followed by retrogression.
We suspect a pre-Variscan metamorphism, probably Ordovician or
early Silurian in age, for the pre-S2 paragenesis.
Rebra terrane basement in East Carpathians is another example.
According to Balintoni and Gheuca (1977) in somemica schists from
Rebra basement an older paragenesis with stauroliteþ kyanite was
strongly deformed by a S2 penetrative foliation, and after,
andalusite þ cordierite  sillimanite partially replaced the pre-S2
paragenesis in statically conditions. Finally, the chlorite developed
where the water was available. Such events replicate the meta-
morphic evolution of the Cumpana unit, less the eclogites, and the
paragenesis with staurolite þ kyanite can be pre-Variscan.
Kräutner (1988) mentioned staurolite and kyanite in the Bretila
terrane basement as components of the ﬁrst paragenesis. In the
Variscan nappe stack from East Carpathians, Bretila basement
makes up the uppermost unit. In the uppermost Alpine nappe, the
Bretila basement was not deformed and no Alpine retrogression
was detected. Andmore, no S2 foliation appears in the upper part of
the Bretila basement rocks. Instead, towards the Variscan nappe
sole, a more and more penetrative foliation develops and the rocks
become chlorite ﬁlonites closed to the Variscan tectonic contact.
We interpret this situation as a clear proof that the mineral
assemblage with staurolite and kyanite is pre-Variscan in age.9. Conclusions
9.1. Terranes types and provenance
We discussed the terrane types in the frame proposed by Nance
et al. (2008). In this context, in the Romanian Carpathians the
following peri-Gondwanan terrane types could be identiﬁed: (1)
Avalonian extra-Cadomian (Drags¸an); (2) Ganderian (Lainici-
Paius¸); (3) oceanic lithosphere (Tisovit¸a); (4) Ordovician,
Carpathian-type: Sebes¸-Lotru, Leaota, Caras¸, Pades¸, Fagaras¸, Bretila,
Tulghes¸, Negris¸oara, Rebra, Somes¸, Biharia and Baia de Aries¸. The
Carpathian-type terranes originated within the Ordovician North-
African orogen and were originally located somewhere at the
paleo-NE African margin.9.2. Paleosutures
In the South Carpathians a Caledonian suture (Tornquist ocean
branch?), a Rheic suture and a Paleotethyan suture can be docu-
mented or supposed. In the East Carpathians and Apuseni moun-
tains are only Paleotethyan sutures.9.3. Igneous and metamorphic events
The Romanian Carpathians terranes record the following
igneous events correlated to some external or internal orogenic
processes: (1) an intra-oceanic magmatic arc (Straja rock assem-
blage, Drags¸an terrane basement), older than w800 Ma; (2)
Drags¸an terrane docking with Rodinia around w800 Ma (Faget¸el
orthogneiss); (3) Cadomian continental margin granitoids in the
basement of Lainici-Paius¸ terrane and Lotru metamorphic unit
(Sebes¸-Lotru terrane basement); (4) extensive late Cambrianelate
Ordovician magmatism connected to the North-African orogeny;
(5) Variscan magmatism associated to the upper plates (Danubian
domain, Bretila terrane and Somes¸ terrane basement).
Regarding the metamorphic events, the Cadomian and Variscan
ones are relatively well constrained. The initial metamorphic
events associated to the Drags¸an terrane basement and the
Carpathian-type terranes are still poor geochronologically
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